Objective: The objective of this study was to assess the quality of life (QoL) in patients with head-and-neck paragangliomas ('glomus tumors'). Design: We conducted a case-control study. Methods: We assessed QoL in 82 patients with head-and-neck paragangliomas using four validated healthrelated questionnaires: Hospital Anxiety and Depression Scale, Multidimensional Fatigue Index (MFI-20), Short Form-36 (SF-36), and Nottingham Health Profile (NHP). Patient outcomes were compared with controls provided by the patients and with a large age-and sex-adjusted control group. Results: The QoL scores in the paraganglioma patients were significantly reduced in 12 out of the 21 subscales compared with own controls, and in 18 out of the 21 subscales compared with age-and sexadjusted values derived from the previous studies. In the MFI-20 questionnaire, patients reported more general fatigue, physical fatigue, mental fatigue, and a reduction in activity and motivation. The scores in the NHP showed a difference in energy, emotional reaction, and social isolation. General health perception, pain, and physical functioning were reported to be worse in the paraganglioma patients on the SF-36 scale. Although anxiety and depression did not reveal any significant differences between patients and their own controls, an increased score on both anxiety and depression was seen when compared with the extended control group. Especially, dysphonia contributes to a reduced QoL. Conclusion: QoL is considerably reduced in patients with head-and-neck paragangliomas.
Introduction
Paragangliomas are frequently multifocal tumors arising from the neural crest cells associated with the autonomic nervous system. Traditionally, they are divided into headand-neck paragangliomas (also referred to as 'glomus tumors') and paragangliomas located in the thorax and abdomen. Some paragangliomas produce excessive amounts of catecholamines, especially if they are located in the adrenals (pheochromocytoma). Familial paraganglioma syndromes are associated with germ line mutations in the genes encoding subunits of mitochondrial complex II succinate dehydrogenase (SDH): SDHD, SDHC, and SDHB (1) (2) (3) (4) (5) (6) . These SDH genes can behave as tumor suppressor genes and distinct genotypephenotype relations have been described (1, 5, (7) (8) (9) . Among these three genes, mutations in SDHD are the most frequent cause of familial head-and-neck paragangliomas in the Netherlands (1, 9, 10) .
Head-and-neck paragangliomas are usually benign tumors, but their location in close proximity to nerves and vasculature in the head-and-neck region often results in considerable morbidity. Patients often complain about hearing loss, hoarseness, and problems in swallowing. The choice between a wait-and-see policy and surgical removal of the tumor can be rather difficult because surgery itself can result in additional loss of nerve function. In addition, the need for patients with familial paraganglioma to remain under lifelong surveillance could have major implications for their general sense of well-being (11) .
Although it can thus be hypothesized that head-andneck paragangliomas affect quality of life (QoL), so far no studies on QoL in the head-and-neck paraganglioma patients compared with the healthy controls have been published. In the present study, the aim was to assess QoL in the head-and-neck paraganglioma patients using four validated health-related QoL questionnaires. Patient outcomes of QoL parameters were compared with those of control subjects as well as with age-and sex-adjusted reference values derived from the previous studies performed in Leiden (12) (13) (14) (15) (16) .
Patients and methods

Study protocol
Patients were recruited from the outpatient clinic of the Department of Endocrinology of the Leiden University Medical Center, which is a tertiary referral center for paragangliomas. All patients are being followed up according to a standardized protocol. They are seen at least every 2 years with repetitive head-and-neck magnetic resonance imaging (MRI) to follow growth and development of other paragangliomas. Urine is collected over 24 h in duplicate under strict dietary regulations and after stopping medication for several weeks or changing antihypertensive medication to doxazosine. In the case of excessive catecholamine secretion, MIBG scanning and additional MRI imaging of the abdomen and/or thorax are performed to identify the source of catecholamine overproduction. All patient data regarding clinical, biochemical, and radiological investigations are recorded in a database. In this study, we used 105 consecutive patients with one or more head-and-neck paragangliomas, with or without (a history of) paragangliomas at other locations, who had been referred to our outpatient clinic for screening purposes.
A total of 105 consecutive patients with head-and-neck paragangliomas were asked to participate in this study. Patients received four validated QoL questionnaires in prepaid envelopes. Patient records were scrutinized for patient history, concomitant morbidity, medication, and physical examination. Furthermore, to complete clinical data, patients were sent a list of questions focusing on complaints possibly due to head-and-neck paragangliomas. Non-responders were encouraged by phone to complete and return the questionnaires by post. We systematically recorded data regarding all biochemical, radiological, and genetic investigations that had been (repetitively) performed on these patients in the past. Each patient was also asked to provide a control person of comparable age and sex with a comparable socioeconomic status from the same geographical area. In addition, to control for potential bias introduced by the selection of controls by the patients, we also used a larger cohort of age-and sex-matched control subjects who were derived from other studies in our center and who had been similarly approached (12) (13) (14) (15) (16) . For every head-and-neck paraganglioma patient, two additional sex-and age-matched control subjects were selected. The Medical Ethics Committee of the Leiden University Medical Center approved the study protocol.
Study parameters
Primary study parameters were the outcomes of the four health-related QoL questionnaires. The relationship between these outcomes and characteristics (age and gender) of the patients, number and location of head-and-neck paragangliomas, surgical procedures, biochemical data, and clinical data was investigated.
QoL questionnaires Hospital Anxiety and Depression Scale (HADS)
The HADS consists of 14 items pertaining to anxiety and depression. Each item is measured on a 4-point scale. Scores for the anxiety and depression subscale range from 0 to 21, and for the total score from 0 to 42. A higher score reflects more severe anxiety and depression (17) . A total score of 13 or more was considered increased.
Multidimensional Fatigue Index (MFI-20)
The MFI-20 contains 20 statements to assess fatigue (18) . Five different dimensions of fatigue (four items each) are calculated from these statements: 1) general fatigue, 2) physical fatigue, 3) reduced activity, 4) reduced motivation, and 5) mental fatigue. Every statement is measured on a 5-point scale; scores vary between 0 and 20. Higher scores correlate with a higher feeling of fatigue.
Nottingham Health Profile (NHP) The NHP survey consists of 38 yes/no questions. These are subdivided into six scales assessing impairments: pain (eight items), energy level (three items), sleep (five items), emotional reactions (nine items), social isolation (five items), and disability/functioning (eight items) (19, 20) . Subscale scores are calculated as a weighted mean of the associated items and are expressed as a value ranging from 0 to 100. The total score is the mean of the six subscales. A high score points to a worse QoL.
Short Form-36 (SF-36) The SF-36 questionnaire has 36 items assessing general well-being during the previous 30 days (21, 22) . The items are formulated as statements or questions to assess eight health concepts: 1) physical functioning, 2) social functioning, 3) limitations in usual role activities because of physical health problems, 4) pain, 5) general mental health (psychological distress and well-being), 6) limitations in usual role activities because of emotional problems, 7) vitality (energy and fatigue), and 8) general health perceptions and change in health. Scores are expressed on a 0-100 scale, in which higher scores are associated with a better QoL.
DNA analysis
Prior to germ line mutation testing, informed consent was obtained from each patient. DNA was screened for germ line mutations by restriction digestion, as described by Taschner et al. (10) .
Statistical analysis
SPSS for Windows version 12.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Data are expressed as meanGS.D., unless otherwise mentioned. We used unpaired t-tests to compare patient and control data.
One-way ANOVA or unpaired sample t-tests were used to compare several subgroups of patients, when appropriate. Independent variables affecting QoL were assessed by linear regression analysis. These results were expressed as the absolute standardized b of independent predictive values. P!0.05 was considered significant.
Results
Patient and treatment characteristics
In total, 82 out of the 105 patients (78%) returned the completed questionnaires. Mean age was 47G12 years. No significant differences in age, gender, and number of paragangliomas were found between the study population and the patients who did not return the questionnaires. All the 82 patients who returned the questionnaires, provided 44 controls (53%).
There were no significant differences in age and sex between patients and controls ( Table 1 ). The matched control group derived from the previous studies showed a similar distribution of age and sex. Out of the paraganglioma patients, 40% had one glomus tumor, 27% had two glomus tumors, whereas 33% were diagnosed with three or more tumors. Carotid body tumors were most frequently found, nearly half of which had been operated at some point during follow-up. In total, 14 patients were diagnosed with past or present intra-adrenal paragangliomas (17%), and in 3 patients an extra-adrenal paraganglioma had been identified.
The following complaints were registered: patients had both local complaints and hearing loss in 39% of the cases, tinnitus was present in 37%, hoarseness was found in 21%, and difficulties in swallowing were found in 26% of the patients.
Genetic analysis had been performed in 69 out of the 105 patients (66%). In 58 of these patients, an SDHD (D92Y) mutation was found (84%).
QoL in head-and-neck paraganglioma patients
Patients with head-and-neck paragangliomas reported a substantially impaired QoL compared with their own controls and the extended control group ( Table 2 ). The QoL scores were significantly reduced in 12 out of the 21 subscales when compared with own controls, and in 18 out of the 21 subscales when compared with ageand sex-adjusted values derived from the previous studies.
When studying the QoL results in detail, compared with own controls, four out of the five subscales of the MFI-20 assessing general and physical fatigue and reduction in activity and motivation were significantly decreased in the head-and-neck paraganglioma patients. The NHP questionnaires revealed a significant reduction in energy, disturbed emotional reaction, and social isolation in the patient group. Patients experienced problems in physical and social functioning, role limitations due to physical problems, increased pain, and changes in general health perception according to the SF-36 questionnaire. No differences were found in anxiety or depression scores.
Compared with the extended control group, all subscales of the MFI-20 were affected, including mental fatigue. According to the NHP, all subscales that were also affected in comparison with own controls were affected with sleep. All items of the SF-36 questionnaire except for health change and physical functioning were affected in patients compared with the extended control group. In contrast with the comparison with own controls, anxiety and depression and total anxiety and Other paragangliomas and catecholamine excess In total, 17 patients were diagnosed with adrenal or extraadrenal paragangliomas, either in the past or at present. At the time of this study, four patients were diagnosed with an intra-adrenal paraganglioma and were surgically treated after appropriate a-blockade. The presence of these paragangliomas at other locations did not significantly influence QoL in this survey. Furthermore, no significant differences could be found between patients with and without past catecholamine excess. Genetic analysis Genetic analysis had been performed in 69 out of the original 105 patients. Out of the 82 patients participating in this study, 28 had not been tested, 9 were genotyped without finding a mutation, whereas in the remaining 45 patients a mutation was identified. Furthermore, 12 of the patients who had not been tested had a positive family history with a proved SDHD (D92Y) mutation and could be considered as SDHD (D92Y) positive. No differences in QoL scores were found when comparing these groups.
Multivariate linear regression analysis Multivariate linear regression analysis was performed in a model including age, gender, hearing loss, dysphonia, difficulties in swallowing, and number of head-and-neck paragangliomas ( 
Discussion
This study is the first to report a reduced QoL in patients with head-and-neck paragangliomas using validated health-related questionnaires. Patients reported a decreased QoL in 12 out of the 21 subscales when compared with own controls, and in 18 out of the 21 subscales when compared with age-and sex-adjusted values derived from the previous studies performed in our institution. Especially, dysphonia was found to influence QoL perception in the head-and-neck paraganglioma patients.
Patients with head-and-neck paragangliomas reported an impaired QoL on the majority of the subscales of the different questionnaires covering the spectrum of both general and physical complaints to emotional problems. Although several studies have investigated QoL in patients with head-and-neck cancer, QoL data regarding paraganglioma patients are limited. Kollert et al. (23, 24) published data on neuropsychological evaluation (using the Sickness Impact Profile questionnaires) of post-operative QoL in the head-andneck paraganglioma patients. They compared QoL after paraganglioma surgery with the QoL scores of patients with acoustic neuroma surgery and concluded QoL to be better in the paraganglioma patients. However, they did not relate QoL to healthy controls or paraganglioma patients with a wait-and-see policy. Evaluation of the specific factors influencing QoL in the head-and-neck paraganglioma patients revealed not only the expected associations with age and sex but also that dysphonia especially affected QoL. Surprisingly, no such association could be found for tinnitus, hearing loss, and other local complaints in this cohort. The results regarding the impact of dysphonia are in line with QoL studies in dysphonic patients (25, 26) .
In this study, patients were compared with own controls and controls derived from the previous studies performed in this hospital. The advantage of using own controls is that they are from the same geographic area and socioeconomic class as the patients (27) . However, there may be a selection bias, because patients could have chosen subjects with a good health status (28) . In addition, a considerable number of control subjects chose to return the questionnaires unanswered, resulting in a relatively small number of own controls. Therefore, we extended our control group with ageand sex-matched control subjects derived from the previous studies regarding QoL in our hospital (12) (13) (14) (15) (16) . After extending our control group, the analysis revealed similar and even stronger associations.
The four health-related questionnaires used in this study were not disease specific and they were not developed to specifically assess QoL in the head-andneck paraganglioma patients. However, we found a reduced QoL in several of the subscales of the SF-36, the NHP, and the MFI-20, which was further strengthened in comparison with the extended control group. Therefore, we believe that there is indeed an effect of head-and-neck paragangliomas on general health and well-being on a broad spectrum of physical and social aspects. However, in comparison with the similarly obtained QoL scores in the non-functioning pituitary macroadenoma patients by Dekkers et al. (12) , the extent of the QoL deficit in our patients seems to be less severe. In a recent study using the SF-36 questionnaire results in the type 2 diabetes patients, lower scores of QoL parameters were found in comparison with the head-and-neck paraganglioma patients (29) . Therefore, the notion emerges that QoL is impaired in patients with head-and-neck paragangliomas, although to a lesser extent than other diseases. We think diseasespecific questionnaires should include problems experienced due to dysphonia, hearing loss, and sleeping disorders, and could have complementary results.
Although most paragangliomas are benign, their chronic nature and localization in close proximity with nerves and vasculature may result in considerable morbidity. In approximately one-third of the patients, local complaints resulting from the loss of nerve function were mentioned. In addition, with the discovery of the SDH genes (1) and the lifelong increased risk for the development of paragangliomas at other locations (8, 9, 11) , the patients and their affected family members are now subjected to a more intensive follow-up regimen. These factors may also adversely affect QoL.
In conclusion, our data indicate that although most head-and-neck paragangliomas have a benign character, the disease leads to an impaired QoL. Dysphonia contributes significantly to impaired QoL. QoL may also be affected by the chronic nature of the disease and the indication for long-term follow-up.
